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ABSTRACT Pseudomonas aeruginosa is an opportunistic pathogen that is able to
cause various infections, including airway infections in cystic fibrosis patients. Here,
we present the complete closed and annotated genome sequence of P. aeruginosa
AA2, an isolate obtained early during infection of the respiratory tract of a German
cystic fibrosis patient.
Pseudomonas aeruginosa AA2 was retrieved from a German cystic fibrosis patient6 months after the first P. aeruginosa-positive culture (1–3). Phenotyping revealed
that strain AA2 is more virulent than later sequential isolates (AA33 and AA44) from the
same patient (2).
Strain AA2 is a member of an international P. aeruginosa reference panel, has
multilocus sequence type 708 (4, 5), and was deposited in the BCCM/LMG Bacteria
Collection (http://bccm.belspo.be) as LMG 27630. It was previously genome sequenced
for the International Pseudomonas aeruginosa Consortium database (6) and for an in
vitro evolution study in our laboratory (7). In order to further study the adaptation and
evolution of strain AA2, including structural variants caused by transposition events, the
genome was closed with the aid of PacBio technology.
Cells were grown in liquid culture overnight, inoculated directly from 80°C frozen
stock to minimize the number of passages, and then pelleted by centrifugation.
For Illumina sequencing, DNA was extracted using bead beating (7). Libraries were
prepared with the NEBNext kit (New England Biolabs) and sequenced on the Illumina
NextSeq 500 platform (7). A total of 5,350,348 reads (150 bp) were obtained, 96.9% of
which were paired.
For PacBio sequencing, DNA extraction was performed with the Wizard genomic
DNA purification kit (Promega). Extracted DNA resulted in one band of 10 kb on a
0.7% agarose gel. DNA was quantified using a Qubit 2.0 fluorometer, and a standard
SMRTbell library was prepared with 10-kb insertions. Sequencing was performed on a
PacBio Sequel system with SMRTbell template preparation kit 1.0-SPv3 (Pacific Biosci-
ences). Library preparation and PacBio sequencing were performed at Novogene.
Original sequencing results were filtered and processed with SMRTlink software, with
minLength 0 and minReadScore 0.8 as parameters. A total of 211,898 subreads were
obtained, with an average length of 7,857 nucleotides and an N50 value of 9,252 nu-
cleotides.
Illumina and PacBio reads were assembled with Unicycler v0.4.8 (8), including
genome polishing with both short and long reads. Short reads were mapped to the
polished assembly to screen for single-nucleotide and structural variants with CLC
Workbench v11.0.1 (Qiagen); no variants were detected. Default parameters were used
for all software unless stated otherwise.
The P. aeruginosa AA2 genome consisted of a single circular replicon with
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6,288,195 bp and a GC content of 66.5%. The Illumina short-read coverage was 126.7,
and the PacBio coverage was 138.1.
The genome was annotated using the NCBI Prokaryotic Genome Annotation Pipe-
line (PGAP) (9); 5,727 coding sequences were predicted, including 530 hypothetical
proteins (9.3%) and 42 pseudogenes. The frameshift in mexA that was detected in this
isolate in a previous study (4) was confirmed. PHASTER (10) analysis detected one
prophage at nucleotide position 670137 to 702242. The genome also contained 12
rRNAs, 63 tRNAs, 1 transfer-messenger RNA, and 3 other noncoding RNA genes, as well
as 8 riboswitches.
Data availability. The PacBio reads have been deposited in GenBank under Bio-
Project accession number PRJNA623623. The Illumina reads are part of an Array Express
entry with accession number E-MTAB-7331 (source name parent t0). The genome
accession number is CP051547.1.
ACKNOWLEDGMENTS
We thank the Oxford Genomics Centre at the Wellcome Centre for Human Genetics
(funded by Wellcome Trust grant 203141/Z/16/Z) for the generation and initial pro-
cessing of the Illumina sequencing data and Novogene Co., Ltd. (Beijing, China), for
PacBio sequencing.
Part of this work was funded by the Ghent University Special Research Fund (grant
BOF20/GOA/002).
REFERENCES
1. Bragonzi A, Wiehlmann L, Klockgether J, Cramer N, Worlitzsch D, Döring
G, Tümmler B. 2006. Sequence diversity of the mucABD locus in Pseu-
domonas aeruginosa isolates from patients with cystic fibrosis. Microbi-
ology 152:3261–3269. https://doi.org/10.1099/mic.0.29175-0.
2. Bragonzi A, Paroni M, Nonis A, Cramer N, Montanari S, Rejman J, Di Serio
C, Döring G, Tümmler B. 2009. Pseudomonas aeruginosa microevolution
during cystic fibrosis lung infection establishes clones with adapted
virulence. Am J Respir Crit Care Med 180:138 –145. https://doi.org/10
.1164/rccm.200812-1943OC.
3. Lorè NI, Cigana C, De Fino I, Riva C, Juhas M, Schwager S, Eberl L,
Bragonzi A. 2012. Cystic fibrosis-niche adaptation of Pseudomonas
aeruginosa reduces virulence in multiple infection hosts. PLoS One
7:e35648. https://doi.org/10.1371/journal.pone.0035648.
4. Freschi L, Bertelli C, Jeukens J, Moore MP, Kukavica-Ibrulj I, Emond-
Rheault J-G, Hamel J, Fothergill JL, Tucker NP, McClean S, Klockgether J,
de Soyza A, Brinkman FSL, Levesque RC, Winstanley C. 2018. Genomic
characterisation of an international Pseudomonas aeruginosa reference
panel indicates that the two major groups draw upon distinct mobile
gene pools. FEMS Microbiol Lett 365:fny120. https://doi.org/10.1093/
femsle/fny120.
5. De Soyza A, Hall AJ, Mahenthiralingam E, Drevinek P, Kaca W, Drulis-
Kawa Z, Stoitsova SR, Toth V, Coenye T, Zlosnik JEA, Burns JL, Sá-Correia
I, De Vos D, Pirnay J-P, Kidd TJ, Reid D, Manos J, Klockgether J, Wiehl-
mann L, Tümmler B, McClean S, Winstanley C. 2013. Developing an
international Pseudomonas aeruginosa reference panel. Microbiolo-
gyOpen 2:1010 –1023. https://doi.org/10.1002/mbo3.141.
6. Freschi L, Jeukens J, Kukavica-Ibrulj I, Boyle B, Dupont M-J, Laroche J,
Larose S, Maaroufi H, Fothergill JL, Moore M, Winsor GL, Aaron SD,
Barbeau J, Bell SC, Burns JL, Camara M, Cantin A, Charette SJ, Dewar K,
Déziel É, Grimwood K, Hancock REW, Harrison JJ, Heeb S, Jelsbak L, Jia
B, Kenna DT, Kidd TJ, Klockgether J, Lam JS, Lamont IL, Lewenza S,
Loman N, Malouin F, Manos J, McArthur AG, McKeown J, Milot J, Naghra
H, Nguyen D, Pereira SK, Perron GG, Pirnay J-P, Rainey PB, Rousseau S,
Santos PM, Stephenson A, Taylor V, Turton JF, Waglechner N, Williams P,
Thrane SW, Wright GD, Brinkman FSL, Tucker NP, Tümmler B, Winstanley
C, Levesque RC. 2015. Clinical utilization of genomics data produced by
the International Pseudomonas aeruginosa Consortium. Front Microbiol
6:1036. https://doi.org/10.3389/fmicb.2015.01036.
7. Vandeplassche E, Sass A, Lemarcq A, Dandekar AA, Coenye T, Crabbé A.
2019. In vitro evolution of Pseudomonas aeruginosa AA2 biofilms in the
presence of cystic fibrosis lung microbiome members. Sci Rep 9:12859.
https://doi.org/10.1038/s41598-019-49371-y.
8. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS Com-
put Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi.1005595.
9. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP,
Zaslavsky L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI
Prokaryotic Genome Annotation Pipeline. Nucleic Acids Res 44:
6614 – 6624. https://doi.org/10.1093/nar/gkw569.
10. Arndt D, Grant J, Marcu A, Sajed T, Pon A, Liang Y, Wishart DS. 2016.
PHASTER: a better, faster version of the PHAST phage search tool.
Nucleic Acids Res 44:W16 –W21. https://doi.org/10.1093/nar/gkw387.
Sass and Coenye
Volume 9 Issue 26 e00526-20 mra.asm.org 2
 on A
ugust 31, 2020 at U
niversiteitsbibliotheek G
ent
http://m
ra.asm
.org/
D
ow
nloaded from
 
